Introduction {#s1}
============

Patent foramen ovale (PFO) is one of the most important causes of paradoxical embolism, involving the passage of a thrombus from the venous circulation to the systemic arterial circulation through a right to left shunt \[[@R01]\].The diagnostic criteria of paradoxical embolism are the following conditions: 1) No lesion becomes the embolus source in systemic arterial circulation; 2) Existence of the deep vein thrombosis (DVT) or the pulmonary embolism becoming the embolus source; 3) Existence of right to left shunt; 4) A favorable pressure gradient must exist at some time in the cardiac cycle to promote right-to-left shunting \[[@R02]-[@R04]\]. PFO is found in about 15-27% of the population \[[@R05]\]. The final resting place of the thrombus is common in the brain when it becomes clinically identifiable. The artery embolism in paradoxical embolism is said to be formed in the brain in 37% cases, primarily peripheral 49% and so on \[[@R06]\]. Furthermore, it is reported that cerebral infarction develops in more than 200,000 patients per year in Japan, and more than 5% are related to PFO \[[@R07]\]. Anticoagulant therapy is effective for the prevention of the DVT \[[@R08]-[@R10]\], which causes the paradoxical embolism. We report the effectiveness of initial intensive therapy using ribaroxaban in a case of paradoxical embolism.

Case Report {#s2}
===========

A 67-year-old woman presented to our hospital with a 2-day history of pain and a feeling of coldness in her right hand. In her past medical history she had not received any treatment for dyslipidemia. There is no other medical history or smoking history. Upon physical examination she had no heart murmur or leg edema; her blood pressure was 154/96 mm Hg (left brachial), and oxygen saturation of peripheral artery was 96% at room air. Her right hand was pale and the right radial artery was pulseless. An electrocardiogram (ECG) showed sinus rhythm at 79 bpm. The serum D-dimer level was slightly increased (2.18 µg/mL). Computed tomography (CT) scan confirmed thromboembolism in the distal part of the right brachial artery, left pulmonary artery and right kidney infraction ([Fig. 1](#F1){ref-type="fig"}). Cerebral infraction and stenosis of the main cerebral artery were not detected by the head magnetic resonance imaging (MRI)/magnetic resonance angiography (MRA).

![Enhanced computed tomography of the patient. 3D-CT scan shows interruption of the blood flow in the distal part of brachial artery and development of collaterals circulation (left photo). Contrast CT scan shows left pulmonary artery thromboembolism (middle photo) and right kidney infraction (right photo). CT: computed tomography.](cr-10-063-g001){#F1}

Doppler sonography of right upper limb revealed the disappearance of blood flow at the distal part of the brachial artery, and collateral circulation to the radial artery from the brachial artery. In this case, multiple thromboemboli occurred in both the systemic and pulmonary circulation. Thus, we suspected paradoxical thromboembolism. Transesophageal echocardiogram and venous ultrasonography findings showed the presence of a PFO and DVT ([Fig. 2](#F2){ref-type="fig"}). Thus, we diagnosed paradoxical embolism due to PFO. Photoplethysmogram (PTG) of her right hand was very slow on admission ([Fig. 3](#F3){ref-type="fig"}). The condition of her right upper limb had been relieved from 2 days previously due to the development of collateral circulation. Therefore, we thought that neither emergency operation nor catheter intervention for thrombectomy was necessary in this patient. We started treatment with urokinase (UK) 240,000 U/day intravenous injection (IV) and unfractionated heparin (UFH) continuous IV (target activated partial thromboplastin time (APTT) 60 - 80 s). As her condition and the serum D-dimer level were improving we started catheterization at day 7 after admission ([Fig. 4](#F4){ref-type="fig"}); however the thrombus still remained in the brachial artery. Although her pain was relieved, her right hand was still cold and PTG of the right hand at day 7 was slow. For her outpatient care, based on the viewpoint of providing rapid anticoagulant therapy within the therapeutic range, having longest periods of initial intensive therapy we chose treatment using ribaroxaban (15 mg, two tablets twice daily) ([Fig. 5](#F5){ref-type="fig"}). Three weeks after discharge from the hospital, her right hand had become warm and the serum D-dimer level and PTG were normalized ([Fig. 3](#F3){ref-type="fig"}). From that time, we changed ribaroxaban to the maintenance dose (15mg, one tablet once daily). Three months after discharge, Doppler sonography and MRA of her right arm confirmed the achievement of reperfusion of her brachial artery ([Fig. 4](#F4){ref-type="fig"}).

![The imaging of transesophageal echocardiography and venous ultrasonography. Transesophageal echocardiography (left photo) shows the presence of patent foramen ovale (PFO) and right to left shunt in Valsalva maneuver. Interatrial septal aneurysm and left atrial thrombus are not observed. Venous ultrasonography (right photo) shows presence of deep vein thrombosis in left soleal vein. LA: left atrium; RA: right atrium.](cr-10-063-g002){#F2}

![The imaging of photoplethysmogram. The figure shows photoplethysmogram (PTG) of patient fingers. Upper section is her right hand, lower section is her left hand, finger number from right to left. On admission, her PTG was slow. After ribaroxaban therapy for 3 weeks, her PTG was normalized. PTG: photoplethysmogram; ECG: electrocardiogram.](cr-10-063-g003){#F3}

![The imaging of brachial artery angiography. Catheterization shows the thrombus still remains in brachial artery and development of collateral circulation on the seventh day after admission (left photo). Three months after discharge, MRA shows brachial artery could achieve reperfusion (right photo). MRA: magnetic resonance angiography.](cr-10-063-g004){#F4}

![Clinical course of the patient. UFH: unfractionated heparin; UK: urokinase; APTT: activated partial thromboplastin time; LDH: lactate dehydrogenase; CK: creatine kinase.](cr-10-063-g005){#F5}

Discussion {#s3}
==========

Paradoxical embolism occurs when right atrium pressure exceeds left atrium pressure. The rise of right atrium pressure is caused by obstruction of pulmonary blood flow by pulmonary embolus, increased transmural pressures such as transient cough or Valsalva strain, right ventricular hypokinesis and so on \[[@R08]\]. In the present case, we considered acute artery obstruction caused by arteriosclerosis as a differential diagnosis, but there was no significant atherosclerosis such as stenosis or intravascular plaque in her medical image findings. Although the UK and UFH therapies were ineffective at acute phase, the initial intensive therapy with ribaroxaban could achieve thromboembolism regression without any significant side effects. UK and UFH therapy could not achieve thrombus regression at acute phase. The cause of thrombus was not resolved possibly due to the short treatment period, because the serum D-dimer level was improved. But it was beneficial that she could receive effective and safe outpatient care with ribaroxaban therapy. An anticoagulant therapy is also effective for the recurrence prevention of the venous thromboembolism (VTE) which can become the embolism source of the paradoxical cerebral embolism. Factor Xa inhibitors included in direct oral anticoagulants (DOACs) are potent, oral direct inhibitors of prothrombinase-bound, clot-associated or free FXa. These agents have a rapid onset of action, a wide therapeutic window, little or no interaction with food and other drugs, minimal inter-patient variability, and display similar pharmacokinetics in different patient populations. But the precise mechanism by which the factor Xa inhibitor causes thrombus regression remains unclear, and no fibrinolytic activity of this agent has been described. Initiation of fibrinolysis occurs through a number of orchestrated interactions among fibrin and plasminogen as well as its activator and results in the generation of plasmin \[[@R9]\]. Therefore, the efficacy of ribaroxaban may reflect the potency of the fibrinolytic response relative to that of the coagulation response \[[@R10]\]. Factor Xa inhibitors provide numerous benefits over older vitamin K antagonists (VKAs) due to major pharmacological differences. VKAs are economical and very well characterized, but have important limitations that can outweigh these advantages, such as slow onset of action, narrow therapeutic window and unpredictable anticoagulant effect \[[@R11]\]. Recent clinical trials have shown the efficacy and safety of VTE using DOACs \[[@R12]-[@R16]\]. DOACs will be the first choice for paradoxical embolism medical therapy in the future with VKA and aspirin. In the present case, the transcatheter PFO closure (PFO closure) as the secondary prevention of cerebral infraction is specified as class IIb in the AHA/ASA guidelines 2014. PFO closure was first reported in 1992. Subsequently, various studies of PFO closure were reported. Shah et al reported that in patients with PFO and cryptogenic stroke, transcatheter device closure decreases the risk for recurrent stroke compared with medical therapy alone; however PFO closure might affect atrial fibrillation \[[@R17]\], and it may cause some procedure-related complications. In the near future, an optimal strategy for preventing recurrent stroke in patients with cryptogenic stroke and PFO will be designed.

We reported the effective initial intensive therapy using ribaroxaban for paradoxical embolism. DOACs will be the reliable choice for medical therapy of paradoxical embolism.
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